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ThIa report descrLI1wtr the tibird •n 4 e•4z of studies -under the general proj-

ect title "The Develomient of Criteria ot Physical Proficiency." This project is

supported by funds provided under Contract Nonr 609(32) between Yale University and

the Office of Naval Research.

Earlier reports have described the background and objectives of this prograa.

The over-all objective is the identification of the components of physical profi-

•iency and the development of appropriate tests to measure these components. The

j first report in this series, by Nicks and Fleishman, rc dewed the literature on pre-

vious factor analytic research on the dimensions of physical fitness. The second

report by Fleishman, Kremer, and Shoup, described the first large scale follow-up

study conducted at the Great Lakes Naval Training Center. This study was an attempt

to conceptualize the area of "strength" measurement and to provide recommendations

for tests in this area. The present study is a parallel attempt to define the fac-

tors measured by tests emphasizing speed, flexibility,, balance, and coordination.

This study is the product of the efforts of a great many people and it would be

difficult to acknowledge all of them. Much of the initial conception and planming

was done by the late Dr. Delmer C. Nicks. He not only conceived many of the orig-

inal tests, but built and supervised their pretesting. Dr. Paul Thomas and Mr.

Philip Munroe, of San Fernando Valley State College, Northridge, Califobmia, had

worked with Dr. Nicks on this phase and continued with the study until its oomple-

tion. They supervised the main data collection activity at the San Diego Naval

Training Center, which was carried out during the Summer of 1959, and they contrib-

uted to later phases of the work.

At the San Diego Naval Training Center we are indebted to Captain R. E. Dornin,

Commanding Officer, and to Commander F. g. Symons, Executive Officer, Recruit Train-

ing Command, for their assistance and support in this project. Valuable assistance
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was also r•cei'- ed f-xo Lieuteannt &tmtervpr Tsr -V nT• ng Ottffioe and Lieutenant

Brawnor, Training Operations Depam nt. ERniin Bauea,' AF~igrnnt Sectionj Ensign

Stilwall, Physical Education Sectionj and Warrant Office*r Tillery in the Supply Sec-

tion, The t~unty petty officers, temporarily assigned to our testing teams served

admirably as test administrators. In addition to Dr. Thonis and Professor Munroe#

Dr. Lou Young and Mr. Pete Cassidy of the San Fernando Valley State College, Depart-

ment of Physical Education, provided valuable assistance in establishing and super-

vising the testing activity. Mr. George Marcinik constructed several of the tests

used at San Diego*

The authors also =kmowledge the expert statistical services provided by Dr.

Banjamin Fruchter, University of Texas, and Dr. Aidrew Cornrey, University of Cali-

fornia at Los Angeles. In addition, Mr. Elmar Kremer, Mr. Guy Shoup, and Mr. Gay-

lord Ellison provided tabulational and computational assistance during this period.

We also appreciate the vital assistance provided by Mrs. Carolyn Talalay, proj-

ect secretary. James Malkin drew the fine illustrations for our test descriptions,

Appreciation for their continued support in connection with the contract is ex-

tended to Dr. Denzel D. Smith, former Head, Psychological Sciences Division, and to

Dr. Glen Bryan, Head, and Mr. John Nagay, Assistant Head, Personnel and Training Be-

search Branch, all in the Office of Naval Research. We also acknowledge the support

of the Chief of Naval Personnel in facilitating the testing arrangements at San

Diego.

Permission is granted for reproduction, translation, publications use, and dis-

posal of this report, in whole or in parts by or for the United States. Governmsnt.

Edwin A. Fleishman
Project Director
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1&at are the lnportent factors u.ich noed to be asnamord in axw coprheosive

evaluation of physical proficiency? The present study is another in a series

(Hempel and Fleishman, 1955j Nicks and Fleishmaan, 1960 Fleisahan, Kremer, and

Shoup, 1961) concerned with this question.

The approach is a correlational approach. Tests are first selected or deVelj-

oped with certain hypothesized ability factors in mind, (For example, '"rail walk-

ing* might be selected to measure a hypothesized factor of "balance.") A large

number of such tests are administered to a large number of subjects. From the cor-

relations among these perfoimances, inferences Pae made about the common abilities

needed to perform them. In other words, if the individuals iho perform all on

test 21 also perform Iell on test 28 (that is, there is a high correlation), then

there must be some common requirement between these two tasks. Of course, with a

large number of tests (e.g. thirty or forty) it becomes difficult to group tests

' according to common factors without mathematical assistance, but the principle is

the same* The technique of factor analysis starts with the correlations among the

tests and groups -the tests in terms of a limited number of more "fundamental'

group factors.

The last report (Fleishman YKremer, and Shoup, 1961) applied the technique of

factor analysis to the area of strength measurement. Thirty three testsp hypothe-

"sized to tap aspects of strength, were administered to 204 Navy recruits at the

United States Naval Training Center, Great Lakes, Illinois. These tests included

such diverse tasks as -might lifting, dynamometer tests,, pull-ups, broadjump, soft-

ball throw, sit-ups, etc.) Five principle factors wkre found to account for per-

fonaance on these 33 tests (for a description of these, see Fleishman, Kremer, and

4V.- ------.------ - ---------.



ured each factor*

'The present study is. an investigation of some skittl areV. nich mW-min

strength but emphasize such features as speed, flexibilityj, balAnce, and possibly

coordination. Mdle considerable previous work had been dron in the strength area9

these other areas are not well defined. However, the review by Nicks and Fleishman

(1960) indicated a number of factors identified by previous investigation in this

"area, The present study uses these tentative factors as a starting points Most

of the tests included here are new, designed specifically to tap hypothesized fac-

tors previously isolated but poorly defined in previous studies.

Some of the specific objectives of the study were 1) to explore the factor

structure of the Speed-Flexibility-Balance area 2) to clarify the generality and

limits of the factors which emerge 3) to discover which tests seem to provide the

best assessment of each of the factors identified 4) to discover if a Dcoordina-

tion" factor .emerges common to the more complex tests t) to see if there is a

speed factor general to all speeded tests 6) to see if flexibility and speed fac-

tors correspond to limbs or to specific muscle groups.

MPROCMURE

RHypothesized Factors mnd Test Descriptions

As a basis for test development nine factors were hypothesized from the re-

sults of the earlier review (Nicks and Fleishman, 1960). At least three tests were

constructed around each factor. In order to allow the possibility of other factors,

additional test variations were introduced. For example, tests of speed involving

only aims or only legs were included to see if factors specific to limbs would

enarge. Similarly, some balance tests involved open eyes, others involved closed

eyes. The rationale will become clear in the following descriptions of factors and

tests. We will describe an hypothesized factor and then describe the tests developed

-- - -- -
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aroiA thia factorj thr prn f i- thl wJwt zartor. In all, thirty tests were

devulopedo

FACTOR I - EEIaT FLMTBITTY

This refers to the ability to extend or stretch the bcdy or some part thereof

as far as pcssible in various directions.

Test I - Abdordmil Stretch. (Figure 1) This test proposed to measure how far the

subject could hyper-extend his spine$ or how far he could bend backwards. The sub-

ject stood with the front of Nis body against a fence. A strap was placed around

the subject's buttocks and attached to the fence so that his hips were held firmly

against the fence. The subject then leaned backwards as far as possible. His

score was the horizontal distance from the fence to the subject's chin.

Test 2 - Toe Touching. (Figure 2) This test proposed to measure how far the sub-

ject could flex his spine forwardi specifically, how far he could bend forward

without bending his knees. The subject stood on a bench placing his toes even with

the front edge. He bent over and reached down as far as possible with his hands

-while keeping his knees locked straight. A measuring scale was placed so that it

extended 10 inches above and below the top of the bench, The subject's score was

the distance on the scale he could touch and hold for to seconds. No bobbing was

allowed*

Test 3 - Twist and Touch. (Figure 3) This test proposed to measure how far the sub-

ject could rotate his spine. The subject stood with his nor-preferred side toward

the wall, arms length away (with fist), with his feet together and his toes touching

a line drawn perpendicular to the wall. A horizontal scale extended 12 inches on

either side of a line on the wall drawn perpendicular to the line on the floor and was

marked off from 0 inches to 30 inches. The subject kept his feet in place, twisted

back awound as far as possible and touched the wall with his preferred hand, keep-

ing the hand at shoulder height with the palm facing the floor. The tester helped

iI
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tli: sLJct k.. p hl, ý ixA cn plaoý hg -x ovn foot agiinst the subject'e

foot. The svbJect? s so w the ftb t point on the scale reached and held for

at least two second%

FACTOR II - DYNM-.EC FLBIMITY

This refers to the ability to mako repeated, rapid, movements which involve

muscle flexibility#

Test h - Squat. Twist, and Touch. (Figure 4) This test proposed to measure the

speed with which the subject could flex and extend his legs and rotate his spine.

A bolt was placed around the subject's arms, and was tightened just enough to hold

the subject's elbows at the sides of his chest, yet permit him to bring his palms

together in front of his body. The subject stood between uprights which were so

placed that the subject could just touch either of the top tap plates (which were

adjusted to the level of the subject's elbows) by rotating his body to one side or

the other. Two other tap plates were placed on the uprights 181 below the top tap

plates. On the signal "Go," the subject, standing upright, twisted to the right

and touched the top tap plate with both hands, then squatted and touched the lower

tap plate on his right with both hands. While in this squat position, the subject

twisted to his left, touched the lower-left tap plate with both hands, and then

rose and touched the top tap plate on his left with both hands* This completed one

cycle. The subject's score was the number of cycles completed in 30 seconds.

Test 5 - Bend, Twist, and Touch. (Figure 5) This test proposed to measure the

speed with which the subject could flex, extend and rotate his spine. The subject

stood with his back to the wall and far enough from the wall so that he could bend

over without hitting the wall with his buttocks. His feet were shoulder width

apart. An "X" was placed on the wall in chalk or tape directly behind the middle

of the subject's back and at shoulder height. Another "X" was made on the floor

between the subject's feet. On the signal "GO," the subject bent forward and



Figure I. Abdominal stretch Figure 2. Toe touching

II
Figure 3. Twist and Touch Figure q. Squat, Twist, and Touch

Figure 5. Bend, Twist, and Touch Figure 6. Lateral Bend
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t/)u(;h,-c VtŽ,ý X Im"M' 1'r. bo;:~,w t~ i 11. h a7,0 th?;n- st3raigbtetied up and touched

the X or, the wall with " ct, hlrdI TILL rxprasented oa. cycle. The next cycle was

the same except that the subject twisted to his right mid continued to alternate

the side to which he twisted in each successive cycle. The subject's scoaLe was the

number of cycles completed in 20 secondso

Test 6 - Lateral Bend. (Figure 6) This test proposed to measure the speed with

which the subject could flex laterally from side to side, The subject stood up-

right between two standards, arms straight and to his side with fingers pointed

down. The tap plates were adjusted to 4 inches below the subject's fingertips. On

the signal "GO," the subject bent to the right and touched the tap plate, then with-

out twisting and with knees kept straight, he bent to the left and touched the plate

on the left side. The lateral bending was done with knees and hips locI-nd, shoul-

ders back and head up. This completed one cycle. The subject's score was the num-

ber of cycles completed in 20 seconds,

FACTOR Iii - SPEE OF AM MOVEME

This factor emphasized the speed with which simple arm move-ments could be made.

These movements included circumduction, flexion, extension, horizontal abduction

and adduction.

Test g7 - Plate (Figuor--z 7) This test proposed to measure the speed with

which the subject could horizontally abduct and adduct his am.a The subject sat

facing two 8 inch discs fastened to a board so that the distance between the discs

was 24 inches. On the signal "lGO,tJ the subject,using his preferred hand, tapped the

plate on his right, then immediately tapped the left plate. This was counted as one

cycle. The subject t s score was the nmfber of cycles completed in 20 seconds.

Test 8 - Am Circling. (Figure 8) This test proposed to measure the speed with

which the subject could circumduct his arm. The subject, while standing, leaned

over a waste basket and, using his preferred hand, swung his arm so that his hand

4'J



~~~~~(f U10ff~ ~~ h waset baolct. The had wu lp

below the top of the bý:ii throu Tghouthe. t tt, The slibject' a score was the n'=i-

'ber of revolutions made in 20 catonds.

Test 2 - Block Transfer. (Figure 9) This test proposed to measure the speed with

which the subject could flex and extend his shoulder, mid flex and extend his elbow.

Two trays, 12 inches square, 9J inches deep were placed on the table so that one

tray was 6 inches beyond the first tray, in front of the subject. Twelve one inch

cube blocks were in the tray nearest the subject. On the signal "GOt" the subject,

using his preferred hand, transferred all the blocks from the front tray to the far

tray, taking only one block at a time. The subject then transferred the blocks

back to the near tray, and then repeated this procedure to the far tray so the

-blocks had been transferred 3 times, ending up in the far tray. The subject's

score was the number of seconds required to complete the three transfers.

FACTOR IV - SPEED OF LEG MOVENT

This factor referred to the speed with which leg movements- could be-made.

These movements included circumduction, flexion, extension, horizontal abduction

and adductione

Test 10 -One Foot Tapp (Figure 10) This test proposed to measure the speed

with which the subject could horizontally abduct and adduct his leg. The subject

sat on a chair, placing his preferred foot next to a board 18 inches long. A 6 inch

perpendicular partition was in the center of the board. On the signal "GO," the

subject lifted his foot over the partition and tapped the board on the other side.

Then, he immediately lifted and returned his 'foot over the partition and tapped the

board on the starting side. This was counted as one cycle, The subject's score

was the number of cycles completed in 20 seconds.

Test 11 - Two Foot Tapping. (Figure 11) This test proposed to measure the speed

H with which the subject could flex and extend his hip joint. The subject .stood

-
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Figue 7. (~Figure S. Arm Circling

Figure 10. One foot Tapping

Figure 9. Block Transfer

0

Figure 12. Leg Circling

Figure 11. Two foot Tapping



faI* a 12 inxAcvh .. I.ck n be ald. htv~'d to a wall 18 inches above the floor.

On the signal "GO,ý" ti• subject lifAeO his right foot and tapped the kick board

twice before 'returning it to the gromud. He then did the same with his left foot.

Two distinct taps were made with each foot each time and these four taps made one

complete cycle. The score was the number of cycles completed in 15 seconds.

Test 12 - eg Circling. (Figure 12) This test proposed to measure the speed with

which the subject could circumduct his leg. The subject stood in such a way that

he could swing his preferred leg around the circumference of a waste baskst in a

clockwise direction. He used the back of two chairs for support. and kept his foot

below the level of the waste basket throughout the test. The subject's score was

the number of revolutions completed in 15 seconds.

FACTOR! - SPEED OF CHMNGE OF DIRECTION

This factor emphasizes the ability of the subject to change the direction of

movement of the body, or parts thereof, either abruptly or in a continuous fashion.

Test 13 - Dodge Run. (Figure 13) This test proposed to measure the ability to

change direction laterally while moving the body forward. Six chairs are set up as

shown in Figure 13. On the signal "GO," the subject ran around the chairs in the

path shown on the diagram. Upon arriving at chair number six the subject did not

go back to the starting line, but went directly around chair number one again and

repeated the r-Ah around all of the chairs. When he arrived at chair six the

second time, he went directly to the starting line. The subject's score was the

length of time required to make the two trips and return to the starting line.

Test 14 - Shuttle Run. (Figure 14) This test proposed to measure the speed with

which the subject could abruptly and completely change his direction of body move-

ment. Two parallel lines 15 feet apart were made on the floor. The subject stood

behind one line and on the signal "GO," ran to and across the other lime, stopped,

turned and ran back across the first line. Both feet had to cross the line each



tinau. This coii,1-4,4t are roil `hr,! t:sfi3? nmot r oe Un thn len~gth of tine

required to make five round trips

Test 1 - Circle Run. (Figure 15) This test proposCd to measure the speed with

which the subject could change his direction of body movement continuouslye A

circle 12 feet in diameter was made on the floor. A starting point was maaeid on

the circumference of the circle. On the signal "GO," the subject ran clockwise

around the outside of the circle. 'When he returned to the starting point he had

completed one round. The subject's score was the length of time required to com-

plete five rounds.

FACTOR VI - COORDINATION

This factor refers to the ability of the subject to perform a number of com-

plex motor movements simultaneously.

Test 16 - Figure-8 Duck. (Figure 16) This test proposed to measure the ability of

the subject to alter his body position 'file moving for•ard rapidly. Two uprights

were placed 10 feet apart with the cross bar adjusted to the height of the subject's

waist. The subject started at the right of one of the uprigts. On the signal "GO,"

he ran under the cross bar, went around the far upright, back under the cross bar

again, and around the near upright. In other words, the subject ran around the up-

rights in a figure-8 fashion, ducking under the cross bar each time. This completed.

one cycle. The subject's score was the length of time required to complete four

cycles.

Test 17 - Grass Drill. (Figure 17) This test proposed to measure the ability of the

subject to make fast total body movemnents while on all fours, T-wo chairs were

placed seven feet apart. The subject got down on all fours, hands and feet, beside

one of the chairs, On the signal "GO," the subject, on all fours, travelled around

the first chair, between the chairs, around the second chair, and back betumen the

I
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chairs to his st'3na ponl:rltp t1ris th th fý . ThIn coij leted one

cycle. The subject's score was the leoiUh of tima req-ad to complete four cycles,

Test 18 - Soccer Dribble. (Figure 13) This test proposed to memsure the ability of

the subject to rmAipulate an object with his feet vhile moving rapidly. On the

signal "GO," the subject dribbled the soccer ball with his feet around the chairs

on the path show•n in the diagram. Upon reaching chair six he returned directly to

the starting line. The subject's score was the length of time required to dribble

around the chairs and return to the starting line.

FACTOR VII - STATIC BALANCE

This factor refers to the ability of the subject to maintain bodily equilibrium

with his eyes either open or closed.

Test 19 - One 7oot Lengthwise Balance - e Open. (Figure 18) A wood balance rail

1 inches high, 3/4 inch wide, and 24 inches long was fastened to a board as shown

in Figure 18. The'subject balanced on the rail, with his hands on his hips, using

the preferred foot with the long axis of the rail parallel to the long axis of his 3

foot. The subject determined the starting signal. Ien he felt he had his balance '!

he said "GO," and the tester started a stop watch. The time ended -hen the subject

touched the floor with any part of his body, or when he removed either hand from his

hips. The subject's score was the length of time he held his balance.

Test 20 - One Foot Lengthwise Balance - Eyes Closed. This was the same as Test 19

-except that the eyes were kept closed throughout.

Test 21 - One Foot Cross Balance - E Q . (Figure 19) This was similar to Test

19 except that the subject balanced on the ball of the preferred foot with the long

axis of the rail perpendicular to the long axis of the foot* Particular attention

had to be given to the balancing foot since it was easy to let the heel or toe

touch the floor unintentionally.
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Te.t 7 22 One FFfot ... L. -•• CIosed. This was the same as Test 21 ex-

cept that the eyes sr-) kept closed th7oughont.

Test 23 - Two Foot Lengthwise Balance - F re 0n (Figure 20) This was similar to

Test 19 except that two feet were used on the balance rail and these had to maintain

contact with the rail throughout.

Test 24 - Two Foot Lenghwise Balance - Eyes Closed. This was the sane as Test 23

except that the eyes were kept closed throughout.

Test 25 - Two Foot Cross Balance - Es Open. (Figure 21) This was similar to Test

21 except that two feet were used on the rail and had to maintain contact with it

througbo•t-

Test 26 - Two Foot Cross Balance - _Es Closed. This was the same as Test 25 ex-

cept that the eyes wore kept closed throughout.

FACTOR VIII - PERFOIMANCE BALANCE

This factor refers to the ability of the subject to maintain his total body

balance while in motion.

Test 27 - Rail Wa o (Figure 22) This test proposed to measure the ability of

the subject to maintain his balance while moving backward on a very narrow support*

A hexagonal rail was constructed of 6 boards, 3/4 inch wide, 3 inches deep, and

24 inches long, fastened so that they formed a rigid equilateral hexagon. The sub-

ject walked backwards on the rail stepping on each segment in succession, touching

only one segment at a time with each foot, (i.e., the foot was not allowed to over-

lap two segments). The long axis of the foot was kept parallel with the long axis

of the segment. The subject's score was the number of segments traversed before he

lost his balance and stepped off the rail or before he violated any of the above

directions.

Test 28 - Board Balance. (Figure 23) This test proposed to measure the ability of

the subject to maintain his balance while standing on a movable support. A teeter

'I
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Figure 21. Two Foot Cross Balance

Figure 22. Rail Walk~ing
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.....c.nt-z tr , bo& ? -sr 24 X 12 inches x 1 inch, supported in the

middle by a board,12 inchns x 2 inches x 4 inches. The bottom of this 12 x 2 x 4

center board had the edges planed off at an angle so that the width of surface in

contact with the floor was only one inch (see Figure 2.3). The subject balanced hin-

self on the teeter board by placing one hand on'the tester's shoulder for support.

When the subject felt-he had his balance and wafted to start, he removed his hand

from the tester's shoulder. This was the signal for the tester to start the stop

-watch. The subject's score was the length of time he maintained his balance. His

balance was lost when he fell off the board, or when either end of the teeter board

touched the floor.

FACTOR IX - BALANCING OBJECTS

This factor emphasizes the ability of the subject to balance objects with his

hands or fingers while standing still.

Test 29 - Stick Balance. This test proposed to measure the ability of the subject

to balance an unstable object with the non-preferred hand. Keeping his feet sta-

tionary, the subject balanced a stick of wood, 3/4 inch x 3/4 inch x 12 inches, on

the index inger of his non-preferred hand. The subject determined his starting

tire by saying "GO," when he felt he had the stick balanced under control. His

time ended when the stick touched any other part of his body, when the stick

touched the floor, or when the subject moved either foot. The subject's score was

the length of time he balanced the stick.

Test 30 - Ball Balance. (Figure 24) This test required the subject to balance a

ball on his extended arm. The subject, keeping his feet stationary, balanced a

volley ball on the back of the closed fist of his preferred hand, holding his arm

at shoulder height. The subject determined his starting time by saying "GO," when

he felt he had the ball under control. His time ended when he let the ball touch

any other part of his body, when the ball fell to the floor, or when he moved



16

either foot. Thr, a bill had -x. kb - o t back of V fit i and war not allowed

to touch the wrist or asT. The wi.it was h2eld strai-g.ht aMn trs not afloieed to bond.

to help support the ball. His score wa• the length of tim he balanced the ballo

Pretesting and Pilot Study

The tests just described, are a product of considerable pre-testing, modifica-

tion, and standardization. Actually, a much larger variety of tests was tried outp

but found deficient for a number of reasons, (e.g. diffibulty of administration and

standardization, lack of reliability, lack of discrimination among individuals in

the relevant age group, equipment construction problems, etc.).

After these 30 tests were selected and standardized they were combined into a

battery and administered to groups of students at San Fernando Valley State College.

As a result of this pilot study certain minor refinements and changes were made in

the Lv.ts themselves (eg. time limits, number of repetitions) and in the order of

administration. The administration order developed is presented in Figure 25. Fac-

tors which determined this order include joint considerations of I) fatigue effects

(e.g. tests involving total body exrrtion, such as Dodge Run and Circle Run were

separated by less strenuous tests, such as Balance), 2) traffic flow from testing

station to testing station when large groups were run through, and 3) the number of

test a•ministrators available.

Administration of the Main Study at San Diego

A testing team was established at the U. S. Naval Training Center, San Diego,

California. This team included four professional physical educators. They in turn,

were assisted by twenty Chief Petty Officers assigned to us for the purpose of this

study. The team spent half a day training these Chief Petty Officers in the admin-

istration of the tests, Another pilot group of 55 Navy recruits were run through

the complete test battery, before the main testing program began. The results of

this first day of testing were used only to smooth out the testing procedures, to



t~i ~rfe ~ ~ ~Y -~x- ~;-~to ive -ldtiorial trai ning to the ts

adnO-rnistratArs. In tt. l stidy, ti:a conplete battery was ahmistered to an ad-

ditional 204 Navy recruit subjects.

These tests were .conducted on a smooth, black-topped physical training area, on

an adjacent grass field, and in enclosed handball courts. The weather was mild ard

pleasant with temperatures in the 70's. The boys wore their physical training uni-

form, consisting of T-shirts, pants, and their regular issue boots. The boots prob-

ably hindered the boys in some of the tests, but all of the boys wore them; so they

were all affected. Throughout the program, every effort was made to obtain each

boy's best performance. The boys were given considerable instruction and warm-xp.

They were allowed several attempts in order to get the best score. The testers gave

the boys all the encouragement they could.

The boys were divided into four groups (A, B, C, D) and sent through in four

lines. Group A went to Station IA, then 2A, 3A, etc. Group B started at Station 1B

and proceeded to 2B, 3B, and so on. Groups C and D went to the stations in their

respective lines. There were five testers assigned to each line. The testers at

Station 1, when the whole group had passed them, went to Station 6, then to stations

11, 16, etc. The testers at Station 2 went to stations 7, 12, and so on. The lines

flowed smoothly so that there was little waiting at any station, except for the bal-

ance tests, which took a little longer. The time taken to test a company of 60 boys

was approximately two hours. The 204 boys were tested in four half-day periods.

One physical education supervisor was in charge of each line. They helped out

where needed and kept thi.ngs orderly and organized. Each boy had his own score card

with him, which he carried from station to station and turned in at the end. This

card is shown in Figure 25. All scores were recorded to the nearest half inch in

the distance tests or to the nearest tenth of a second in the timed tests.,

I
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Table 1 presents the means and standard deviations for all tests administered

at San Diego. Complete fequency distributions were tabiilated for each test.- For

practically all the tests these closely approximated normal distributions, The

average age of our subjects was 18 years, 6 months (Standard Deviation = I year, 5
months). Their average height was 5 feet, 9- inches (Standard Deviation =,2.h

inches) and their average weight was 153.7 pounds (Standard Deviation 18.0).

Test Intercorrelations

Table 2 presents the matrix of correlations among the 30 tests. It can be

seen that there is no general "athletic proficiency" factor, since the correlations

are not uniformally high. Rather, there are groupings of correlations, indicating

a number of separate factors.

Factor Analysis

The correlation matrix was factored by the Thurstone Centroid Method (Thur-

stone, 1947). The six factor centroid solution is presented in Table 3. Rotation

to simple structure was accomplished using Kaiser's Verimax analytical solution

progranmed for an I1 650 computer. The matrix is presented n

Table 4. The factors were then interpreted for meaningfulness from the loadings

of the tests. We will describe each factor, in.turn. Tests with loadings of e30

or over are listed for each facto-k.

Factor I is best defined by the speed tests involving running or gross body

Test Vame loading

13 Dodge Run .69
16 Figure-8 Duck .68
14 Shuttle Run .63
17 Grass Drill .62
18 Circle Run .59
11 Arm Circling .52

7 Plate Tapping .39

propulsion. The tests originally included to measure S of C of Direction

are on this factor. However, Circle Run does not emphasize this requirement. The
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Kean/i and D--I`I a t* ,t••ý 0o• Teo Scorer,

(N -2011)

Tests Units Mean SID,

1. Abdominal Stretch inches 29.49 2,62
2. Toe Touch 11,565 2.59
3. Twist and Touch 18-51 5,28
4. Squat, Twist and Touch cycles 18.05 2.63
5, Bend# Twist and Touch 215.14 1.84
6. Lateral Bend " 33.73 5,83
7o Plate Tapping h4.08 5.33
8. Arm Circling 52.18 7.61
9. Block Transfer seconds 24!06 2.85

10. One Foot Tapping cycles 27.98 2,86
11. Two Foot Taing " 10.69 1.70
12. leg Circling " 20,53 2.62
13, Dodge Thm seconds 16,26 1.12
1i4 Shuttle Run 19A24 1.29
15. Circle Run " 18.68 1.23
16. Figure-8 Duck 18,61 1,64
17. Grass Drill 22,28 3.29
18. Soccer Dribble 1 18,72 2.80
19. 1-Ft. Lngth. Bal. Eyes Op. 55.73 47.69
20. I-Ft. Lngth. Bal. Eyes Cl. 5.31 4.84
21. 1-Ft. Cross. Bal. Eyes Op. 35.20 35.31
22. 1-Ft. Cross Bal. Eyes Cl. 3.74 2,18
23. 2-Ft. Cross Bal. Eyes Op. 21.L•0 30,29
24. 2-Ft. Cross Bal. Eyes Cl. 3.30 I.1
25. 2-Ft. Lngtho Bal. Eyes Op. 11.93 16,23
26. 2-Ft. lngth. Bal. Eyes Cl. 2.65 1.62
27. Rail Walking segments 15.3h 14-96
28. Board Balance seconds 4.90 3.95
29. Stick Balance 7.61 7.54
30. Ball Balance " 19.38 39.70

• See test descriptions for scoring procedures.

• The distributions were generally symmetrical except for several
of the Balance tests which were positively skewed.

• ,t
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Centroit Fxctor Loatings

Tests Factors

I II III IV V VI

1. Abdominal Stretch 18 -10 32 -24 30 3.8
2. Toe Touch 35 07 26 -09 22 11
3. Twist and Touch ý.08 -05 25 -29 33 -08
14. Squat, Twist and Touch 46 23 -21 -18 12 14
5. Bend, Twist and Touch 50 17 -17 -17 06 12
6. Lateral Bend 39 17 -22 -29 27 -10
7. Plate Tapping 47 18 -16 21 -33 29
8. Arm Circling 48 30 10 13 -14 31
9, Block Transfer 42 -22 33 114 16 12

10. One Foot Tapping 52 16 -15 -29 06 -10
11. Two Foot Tapping 43 -10 13 -23 -13 23
12. leg Circling 52 17 -11 -12 -10 -19
13. DodgeRun 140 -38 -20 -36 10 03
314. Shuttle Run 53 -34 -21 -15 03 -13
15. Circle Run 46 -35 -314 -19 -14 24
16. Figure-8 Duck 54 -39 -25 -134 04 05
17. Grass Drill 48 -30 -26 -19 -12 15
18. Soccer Dribble 34 -20 05 04 10 17
19. I-Ft. Lngth. Bal. Eyes Op. 41 -35 10 -16 -17 -34
20. 1-Ft. Lngth. Bal. Eyes Cl. 25 -h5 -21 33 29 114
.21. I-Ft. Cross Bal. Eyes Op. 45 -40 03 12 -21 -23
22. 1-Ft. Cross Bal. Eyes Cl. 46 -29 -24 18 03 06
23. 2-Ft. Cross Bal. Eyes Op. 37 -40 -07 27 -03 -12
24. 2-Ft. Cross Bal. Eyes Op. 29 -39 -15 37 13 14
25. 2-Ft. Lngth. Bal. Eyes Op. 30 -33 -15 -16 -16 07
26. 2-Ft. Lngth Bal. Eyes Cl. 26 -08 -U1 -04 -15 21
27. Rail Walking 36 -21 -20 12 18 -23
28. Board Balance 46 -17 -12 -05 -06 -10
29. Stick Balance 24 -08 21 -11 -12 -1U
30. Ball Balance 21 -24 24 -15 -23 26

* Rounded to two places and decimals omitted.



r 23

Tests Factors

I II III IV V V1 hV
ES GBE DF B-V EF SL1

1. Abdominal Stretch 04 03 01 01 55 15 33
2. Toe Touch 28 06 12 02 39 12 26
3. Twist and Touch -03 -07 08 09 49 -i0 27
I4. Squat, Twist and Touch 19 08 53 -10 11 17 38
5. Bend, Twist and Touch 20 10 50 02 10 21 35
.6. Lateral Bend 07 06 58 00 21 -07 40
7. Plate Tapping 39 16 23 -04 -30 44 52
8. Arm Circling 52 04 18 -09 -01 39 46
9. Block Transfer 15 Ol 56 13 -20 09 40
10. One Foot Tapping 16 03 58 17 14 09 142
Il. Two Foot Tapping 11 05 19 19 20 46 34
12. Leg Circling 27 03 48 26 -o4 05 37
13. Dodge Run 69 03 05 o3 -11 oh 4s9
24. Shuttle Run 63 03 19 01 09 21 48
15. Circle Run 59 06 24 3.1 08 -18 47
16. Figure-8 Duck 68 o4 21 12 07 08 53S17. Grass Drill 62 06 16 12 15 -08 46
18. Soccer Dribble 26 o4 32 17 -07 -01 20
19. 1-Ft. Lngth. Bal. Eyes Op. 00 17 15 6h 09 06 47
20. 1-Ft. Lngth. Bal. Eyes Cl. -06 72 -03 -06 08 04 53
21. 1-Ft. Cross Bal. Eyes Op. 10 38 o4 55 -07 13 48
22. 1-Ft. Cross Bal. Eyes Cl. 07 54 20 12 -05 17 39
23. 2-Ft. Cross Bal. Eyes Op. 08 53 00 32 -06 06 40
24I 2-Ft. Cross Bal. Eyes Cl. 05 64 -06 01 -02 12 43
25. 2-Ft. Lngth. Bal. Eyes Op. -16 24 19 26 -01 31 28
26. 2-Ft. Lngth Bal. Eyes Cl. 02 13 15 03 05 33 15
27. Rail Walking 05 44 24 2o 02 -15 31
28. Board Balance .08 27 30 29 01 13 27
29. Stick Balance 12 -03 03 33 11 11 15
30. Ball Balance 00 02 -10 22 14 47 30

* Rounded to two places and decimals omitte.

V*The factors are identified as follows: I, Explosive Strength; II, Gross
Body Equilibrium; IlI, Dynamic Flexibility; IV, Balance -Visual Cues;
V, Extent Flexibility; VI, Speed of Limb Movement.

J,-
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of such tests as $qpat, Tw.st an•, Tc',ýw or YýidI••. ar a, Toehh These., latte

tests also Iinvolve speed and so do other tests which do not load on this fact:re

Hence, there is no evidence here for a general speed factor. The presence of the

Arm Circling and Two Plate Tapping tests extends the definition of this factor be-

yond a mere run or gross body propulsion factor. Furthar evidence on the interpre-

tation of this factor comes from the previous study (Fleishman Kremer, and Shoup,

S1961), The Shuttle Run test is common to both studies, and its main loading in the

previous study was on Explosive Strength or "Energy Mobilization*" All short runs

in the previous study were loaded on such a factor. This factor was defined as the

ability to mobilize one's energy effectively in making single thrusting movements

requiring a maximum expenditure of force. This apparently accounted for most of

the variance in the running tests. Such an ir-erpretation for the present factor

would be consistent with the loading of Ana Circling and with the absence of cer-

tain other speed tests from this factor.

Factor II is defined by the balance tests involving maintenance of body

Test Name

19 One Foot Lengthwise Balance - Eyes Closed .72
26 Two Foot Cross Balance - Eyes Closed .64
22 One Foot Cross Balance - Eyes Closed *54
25 Two Foot Cross Balance - Eyes Open .53
27 Rail Walking - Eyes Open A4
21 One Foot Cross Balance - Eyes Open .38

equilibrium. The sharp distinction between this factor and the others is indicated

by the preponderance of zero loadings on this factor of all of the other (non-

balance) tests. It is also of interest that the "performance balance" tests (bal-

ancing a ball or stick) do not load on this factor. The factor is measured by

these tasks when the eyes are open as well as closed. However, it is best meas-

ured when the eyes are kept closed. In Table 4, it can be seen that for each sep-

arate test, the loading of the "eyes closed"? condition is higher than that of the

i$
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~ cor~ v~c:. ) - ~ tŽ; ') Foot I t~s.Ba~.e~ce tests and

Fcl ]ot 01rgtr- W . 2 O test do not load hikgh1 on this factor,

A possible reason might be In th-. order of a&cbmnistration, These tests were the

first to be given bi their series. For the present, this factor is labelled Gross

B E quilir

Factor III is defined by tasks originally designqd to measure a_•c

Test Name

6 Lateral Bend .58
10 One Foot Tapping .58

9 Block Transfer .56
4 Squat, Twist and Touch .53
5 Bend, Twist and Touch .50

12 Leg Circling .48
18 Soccer Dribble .32
28 Board Balance .30

Flexibility as well aa by certain other highly speeded tasks. An interesting fea-

ture of this factor is the absence of the three tests designed to measure "Extent

Flexibility.' Tests on the present factor emphasize both speed and flexibility of

repeated trunk and/or limb movements. Apparently, the factor involves the ability

to maIn repeated, rapid, flexing or stretching movements, where the extent of the

movements is either short or long.

Factor IV is defined only by the balance tests given with the eyes open,

Test Name

19 One Foot lengthwise Balance - Eyes Opeh .64
21 One Foot Cross Balance -Eyes Open .55
29 Stick Balance .33
23 Two Foot Cross Balance - Eyes Open .32
28 Board Balance .29

The indication is that such tests involve an additional ability which emphasizes

the use of visual cues in maintaining balance, To differentiate this from Factor

II, we will call this factcr simply Balance - Visual Cues.

4?.
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I Ab(Ž2!:A ia Stret ch .5
3 TWit and Touch .49
2 Toc Touching 09

These three tests each require stretching of the trunk and back muscles as far as

possible. The body is either stretched laterally, forward, or bankward- No re-

peated or speeded flexing is required. This confirms the distinction between

"Extent Flexibility" and "Dynamic Flexibility."

Factor VI is defined by three of the tests included to measure "Speed of Arm

Test Name Loadina

30 Ball Balace .7
11 Two Foot Tapping .46

7 Plate Tapping .4
8 Anm Circling e39

26 Two Foot Lengthwise Balance - Eyes Closed *33
25 Two Foot Lengthwise Balance - Eyes Open .31

Movement• or "Speed of Leg Movement.* It can be seen that arm and leg speed tests

are on this factor. The explanation for the high loading of the Ball Balance test

may be in the rapid adjustive arm movements which must be made to keep the baUl from

rolling off the amn. Similarly, the two balance tests do seem to require more rapid

adjustive leg movements to maintain balance. In any case, this factor is renamed

Speed of Limb Movement.

CONCLUSIONS

Six factors were identified to account for performance on the thirty performance

tests. 14ihadoriginally hypothesize nine factors and he fz - the possibil-

ity of still additional factdors This finding is important in its own right since it

provides for a simpler way of describing performance in these areas of physical pro-

ficiency

Of the six factors identified, some conformed quite closely to those originally

hypothesized (e.g. Extent and Dynamic Flexibility). Instead of separate "Speed of

_____ ------|-- -
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~ *~ ~ s ~. r: r `-;z ej wo heal one Tfatnr corivron to both

sets of Ibflbs" 'W gat c,~t Ik a nc e a e or.ginally hy.pothesized, but they

are somewhat different from our original conception of this area. The hypothesised

"Speed of Change of Direction' factor did not emerge *e a separate factor; rather,

such performances were accounted for by an "Explosive Strength" factor previously

identified. No separate "Agility" or "Coordination" factors were found. Rather, per-

formances on tests thought to emphasize such factors were accounted for by the other

factors identified (e.g. Explosive Strength, Dynamic Flexibility).

To summarize, the factors identified in the present study are as followas

Explosive The ability to mobilize one's energy effectively in making sin-

fifgle thrusting movements requiring a maximum expenditure of force. This is best meas-

ured in short run tests, such as Shuttle Rvm., as well as by the Broad Jump and Soft-

ball Throw testse

Extent Flexibility- The ability to flex or stretch the trunk and back muscles as far

apossible in either a forward, lateral, or backward direction. This is best meas-

red by the Abdominal Stretch and Twist and Touch tests.

Synemic Flexibilit -The ability to make repeated, rapid, flexing movements. The

/resiliency of the muscles in recovering from strain or distortion seems critical here,

since speed of these'repeated movements is emphasized. The best measures include

"Lateral Bend and Squat, Twist and Touch, • • , / .

' tross Body Equilibrium •ne ability of an individual to maintain total body equilib-

rium, despite forces pulling him off balance, where he has to depend mainly on non-

visual (e.g. vestibular and kinesthetic) cues. The, factor is best measured by bal-

ance tests conducted with the eyes closed. However, the factor is general to balance

tests where the eyes are kept open. Of courso, these latter tests also involve es-

tibular and kinesthetic cues. Tests of this factor may be static tests (e.g. stand-

ing on one foot) or performance tests (e.g. rail walking). The best measure (highest



* 28

lotaling on thri. .TV - - Z WfOYdt

be One Foot Leigtin143, F.alanc,.- E. , "

Balance - Vi_ su__l Cues - Tho ability to maintan body bhi:ce3 when visual cunr are

available. It is difficult to find a pure measure of this factor, since non-visual

cues are also involved in such tasks. However, when the eyes arc open this addi-

tional ability comes into play. The best measure appears to be One Foot lengthwise

Balance - tyes open.

ýpe.d of Limb Movement - The speed with which an individual can make rapid ballistic

or adjustive movements of arms or legs, when accuracy and force requirements are not

involved. Good measures are Two Foot Tapping and Plate Tapping.

The Explosive Strength factor is the only factor which was found in outr pro-

vious study of strength tests (Fleishman, Kremer, and Shoup, 1961). Its emergence

in the present study extends the definition of this factor. The other five factors

found here are additional to those found in the previous study. This previous study

involved 33 entirely different tests (except for Shuttle Thrn which wIa common to

both). These 33 tests were accounted for by four factors. Thus, it has been pos-

sible to "explain" performance in 62 different physical fitness tests in terms of

Sten factors. Furthermore, we have been able to specify the tests which seem to pro-

vide the best measures of each of these factors.

There are, of course, still many unanswered questions. One of the most in-

triguing concerns the nature of "coordination" and "agijlity." A concerted effort

needs to be made to see if these are usefully considered "separate" abilities or if

we can account for such performances in terms of the factors already identified. Thus

far., these do not emerge as separate factors in our studies, but additional studies

need to be carried out. These studies would involve a greater variety of "coordi-

nated" performances than it has been possible to include so far. The use of our

battery of factor tests, in the same study with these complex tests, should allow
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u :dfy hn.' n" V4'; ý-:zc io pprorc~as~ s wt .31. need Uo explain.

Si .rly, thers io. a need v= 'mheý factor teste to' redfet more complex

skilled performances (eog. athletic proficiencie~s). This would tell us what portion

of such performances arc specific to the individual skills and how much is relatable

to the physical fitness factors identified in our present program. There is also

the practical question of how valid our factor tests are in predicting performance

in complex jobs involving physical skills.

We also need to know more about the trainability of these component abilities

and the degree of transfer of training across tasks representing the sane factor.

We would expect high transfer between tests on the same factor and low transfer be-

tween factors. A more interesting question is the amount of transfer of training

from these skill components to more complex skilled performances.

It also remains to combine the best measures of each factor Into a more compre-

hensive battery of physical fitness tests. This, in fact, has already been done

and research is underway to collect normative and comparative data on a national

school sample as well as on cross-cultural samples. These results will be pre-

sented in subsequent reports in this series.

'REFERENCES

Fleishman, Edwin A., Kremer, Elmar J., and Shoup, Guy Wo. The dimensions of p -cal fitness - A factor anlyi of tests emphasizing Aj ý Ofic Raf
R-eserc, ContratNn -609(32,-Technial Report 2, Yale Univrsityý Depar-

Srents of Industrial Administration and Psychology, August,, 3.961.

Hempel, Wale•r, E., and Fleishman, Edwin A., A factor malysis of physical prol"-.

ciency and fine manipulative skill. Journal of C Psycholo n 1955o 39r32-16.

Nicks, Delmar C. and Fleishman, Edwin A., 1ýhat do phscal fitness tests measure?-
A review of factor anaj~lac studies. Oeffice o'f Naval Research, Contract 'Nonr
ZT09-32 Tchnical Report 1, Yale University, Departments of Indlustri~al Admlnis-
tration and Psychology, July, 1960.


